INTRODUCTION
Chronic myelogenous leukemia (CML) is a clonal haematopoietic stem cell disorder characterized by a specific chromosomal translocation t(9;22). Philadelphia chromosome (Ph)-positive CML evolves through three different phases: chronic, accelerated and blastic. The molecular consequence of Ph chromosome is the production of activated Bcr-Abl tyrosine kinase [1] .
Imatinib mesylate is a selective Bcr-Abl protein tyrosine kinase inhibitor. Imatinib has shown significant activity in all phases of Ph chromosome positive chronic myeloid leukemia [2] . The benefit of imatinib was definitively shown in the International Randomized Study of Interferon and imatinib mesylate (IRIS) trial; by comparison of effectiveness of imatinib with interferon and cytarabine combination in 1106 newly diagnosed patients [3] . In this trial, the estimated rates of complete cytogenetic response after 18 months of treatment were 76% for patients in the imatinib group and 14% for those in the interferon-cytarabine group. The rate of freedom from progression to the accelerated phase was 97%, and to the blastic phase it was 92%. After a 5-year follow-up, the overall rate of complete cytogenetic response was 78%, progression-free survival was 83%, and overall survival was 89% in the imatinib group [4] .
Imatinib treatment is associated with a variety of adverse effects, most of which are mild to moderate in intensity and thinning after the first few months of treatment. Most patients do not require dose reduction or interruption of therapy [3] . Now it is generally accepted recommendation that imatinib is used as the first-line treatment for patients with newly diagnosed CML [5] .
OBjECTIvE
In this paper we analyzed the pre-treatment characteristic of patients with chronic-phase CML treated with imatinib mesylate that correlate with probability to achieve complete cytogenetic response.
METHODS
We analyzed 20 patients with Ph-positive CML in the chronic phases that were treated with imatinib mesylate at our institution from June 2006 until May 2009. Cytogenetic response was SummARy Introduction Imatinib mesylate, a selective BcrAbl tyrosine kinase inhibitor, has proved to be most effective therapy of Philadelphia chromosomepositive chronic myelogenous leukemia. Imatinib induces complete haematological and cytogenetic response in high percentage of patients. Objective The aim of this study was to identify potential prognostic factors before beginning treat ment with imatinib associated with complete cytogenetic response. Methods We analyzed 20 patients with newly diagnosed Philadelphia positive chronic myelogenous leukemia treated at our institution from June 2006 until May 2009. These patients were treated with imatinib mesylate in oral dose of 400 to 800 mg daily. Complete blood counts were performed every month, while serum chemistry evaluations and bone marrow evaluations including morphology and cytogenetics were performed every 6 months. Results Of the 20 patients analyzed in this study, 19 (95%) achieved complete haematologic response within three months. In all patients cytogenetic analyses were done and all have achieved absolute cytogenetic response. The best cytogenetic response rate at any time during study treatment among 20 patients was: complete cytogenetic response in 15, partial cytogenetic response in three and minor cytogenetic response in two patients. Among 11 observed baseline patients' characteristics five were independent predictors of a high rate of complete cytogenetic response; the absence of blasts and basophils in peripheral blood, the presence of less than 5 percent of bone marrow blasts, white blood cell count less than 10x10 9 /L and the absence of splenomegaly (p<0.01). Conclusion Our results showed that some pretreatment characteristics of patients might be the cause of differences in treatment outcome. On the basis of this analysis, we identified several pretreatment patients' characteristics to be independent prognostic factors for achievement of complete cytoge netic response. keywords: chronic myelogenous leukemia; treatment; imatinib mesylate; prognostic factors evaluated. All patients started treatment with recommended dose of 400 mg daily. The dose of the drug was increased to 600/800mg daily in cases of previous therapy failure, i.e. in patients with cytogenetic refractoriness or cytogenetic relapse. As a part of routine follow-up, complete blood counts were controlled each month, while serum chemistry evaluations and bone marrow evaluations including morphologic and metaphase cytogenetic were performed every 6 months.
Chronic-phase CML was defined as the presence in the peripheral blood of blasts less than 15%, basophils less than 20%, blasts together with promyelocytes less than 30%, and platelets more than 100×10 9 /L. As chronic-phase and response criteria were defined according to the recommendations of LeukemiaNet 2006 panel [5] : complete haematologic response (CHR) was defined as a white blood cell count of less than 10×10 9 /L, a platelet count of less than 450×10 9 /L, no immature cells (blasts, promyelocytes, myelocytes) in the peripheral blood, and disappearance of all signs and symptoms related to leukemia (including palpable splenomegaly) lasting for at least four weeks. Cytogenetic response was evaluated using standard cytogenetic analysis by direct preparation of material from the bone marrow. Cytogenetic responses, based on metaphase analysis of at least 20 cells, were defined as: complete Ph-positive 0%, partial Ph-positive 1% to 35%, minor Ph-positive 36% to 95%, and absent Ph-positive >95%. Major cytogenetic response assumed the sum of complete and partial cytogenetic responses.
Descriptive statistic (number, proportion, median, range) were used to summarize the pre-treatment characteristics of the patients and response to imatinib mesylate therapy. Multivariate analyses was performed to identify potential prognostic factors associated with complete cytogenetic response.
RESULTS
Significant pre-treatment characteristics of the patients are shown in Table 1 .
The median duration of the disease from the diagnosis to start of imatinib mesylate therapy was 2.9 months (range 1-7 months). The median follow-up time for the patients in the study was 17.75 months (range: 6-34 months). Of 20 analyzed patients, 19 (95%) achieved complete haematologic response (CHR) within 3 months and all patients within 6 months from the start of the treatment.
Response to the treatment was evaluated in 20 patients after 6 months of therapy; complete cytogenetic response was achieved in 6 patients, partial cytogenetic response in 7, minor cytogenetic response in 6, while no response was observed in 1 patient.
Response to the treatment was evaluated in 14 patients after 12 months of therapy; complete cytogenetic response was achieved in 6 patients, partial cytogenetic response in 6, minor cytogenetic response in 1 and no response was shown in 1 patient.
Response to the treatment evaluated in 10 patients after 18 months of therapy; complete cytogenetic response was achieved in 9 patients, while minor cytogenetic response Table 2 . In 8 of the 20 patients, imatinib mesylate dose was escalated for unsatisfactory response after a median duration of 17.25 months (range: 6-24 months). Dose was escalated to 800 mg daily (n=3) or to 600 mg daily (n=5). In 3 patients the dose of the drug was escalated for cytogenetic relapse, and they improved their cytogenetic response to complete after three months. In 5 patients the dose was escalated for cytogenetic refractoriness, and they improved their cytogenetic response to complete after three months. No patients progressed to accelerated or blastic phase.
Association between pre-treatment characteristics and later probability of achievement of complete cytogenetic response during treatment is shown in Table 3 . According to the multivariate analyses, among 11 base-line variables five independently predicted a high rate of complete cytogenetic response; the absence of blasts and basophils in peripheral blood, the presence of less than 5 % blasts in bone marrow, white blood cell count less than 10×10 9 /L and the absence of splenomegaly (p<0.01).
DISCUSSION
Imatinib mesylate, a selective Bcr-Abl tyrosine kinase inhibitor has improved the treatment of Ph-chromosome-positive CML and has become the standard first line treatment for this disease. Imatinib mesylate induces complete haematological response in 80% to 90% of patients with newly diag-http://srpskiarhiv.sld.org.rs Srp Arh Celok Lek. 2010;138(56):305308 nosed chronic-phase CML, a complete cytogenetic response in 70% to 80% of patients, and a major molecular response in 40% of patients [6] .
In the study of Goldman et al. [7] , the highest number of patients achieved normal blood counts within three months, and more than 90% of them achieved complete haematological response within 6 months from the beginning of treatment. Approximately 40% of previously untreated patients achieved major cytogenetic response after 6 months, and 65% achieved a complete cytogenetic response after one year of therapy. In contrast to a study of Goldman et al., the results of our analysis show that complete haematological response was achieved in all patients within 6 months from the start of the imatinib mesylate treatment. Major cytogenetic response was achieved in 65% of patients after 6 months and complete cytogenetic response was achieved in 42.9% of patients after one year of therapy. A small minority of the patients who achieved complete cytogenetic response subsequently regained evidence of marrow Ph positivity and in BCM -below costal margin our analysis it was 15% of analyzed patients. However, after drug dose escalation all achieved a complete cytogenetic response after three months. In this study we tried to detect base-line factors associated with achieving complete cytogenetic response in patients with chronic-phase CML treated with imatinib mesylate. Based on the analysis, we identified five basic factors: the absence of blasts and basophils in peripheral blood, the presence of less than 5% of blasts in the bone marrow, white blood cell count less than 10×10 9 /L and the absence of splenomegaly (p<0.01). Our results are similar to those identified in previous studies about factors associated with a high rate of major and complete cytogenetic response. The base-line variables that independently predict a high rate of major cytogenetic response in the study of Cortes et al. [8] were: the absence of blasts in peripheral blood, peripheral basophils less than 7%, the presence of less than 5% blasts and the presence of less than 5% basophils in the bone marrow, white blood cell count less than 10×10 9 /L and the absence of splenomegaly. The pre-treatment characteristics of patients associated with achieving complete cytogenetic response in the study of Kantarijan et al. [9] were: the absence of blasts and basophils in peripheral blood, the presence of less than 5% blasts in bone marrow, white blood cell count less than 10×10 9 /L and platelet count less than 450×10 9 /L. The use of imatinib has greatly improved the outcome of patients with CML. The efficiency of imatinib was definitively established in IRIS trial. The group of patients treated with imatinib had a rate of complete cytogenetic response of approximately 80% and an overall survival of nearly 90% after 5 years [4] . For patients who experience treatment failure with imatinib, recommendation is to use higher dose of imatinib or second-generation tyrosine kinase inhibitors (TKIs) dasatinib and nilotinib which have induced treatment response in more than 90% of patients, and may lead to an improved event-free and transformation-free survival [10] .
CONCLUSION
By the analysis of our results, we identified characteristics of patients before treatment, which are independent prognostic factors for achieving complete cytogenetic response: the absence of blasts and basophils in peripheral blood, the presence of less than 5% blasts in the bone marrow, white blood cell count less than 10×10 9 /L and the absence of splenomegaly (p<0.01). Our results showed that some pre-treatment characteristics of the patients could be the cause of differences in treatment outcomes. Our results are consistent with the literature data, although they are obtained by analyzing a relatively small number of patients.
